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PE21722 -1- 

PROCESS FOR THE PREPARATION OF A POLYOLEnN 

6 

The invenfion relates to a prooees for the preparation of a polymer of at least one 
aliphatic or aromatic hydrocartr/i mono- ormultiotefln in the presence of a catalyst 
and a boron comprising co-catalyst 
10 Such a process Is described In WO 98/49212. 

WO 98/49212 describes the preparation of a polymer of one or more 
afiphatic or aromatic hydrocarbyl Cz^ mono* or diolefins in the presence of a catalyst 
consisting of a metal-organic compound and a boron comprising co-catalyst A boron 
comprising co-catalyst Is used because of the high reactivity of the catalyst system 
15 described in WO 98/49212 in combination with a boron comprising co-catalyst 

Disad>^mage of the process described In WO 98/49212 is ^e use of 
an expensive catalyst which requires several reaction steps for its production. These 
processes require at least four steps: (i) reacUon of a Itgand with a strong base 
resulting in a metal-organic salt of this ligand, followed by (il) contacting tiiis salt with a 
20 metal-organic reagent resulting in a metal-oiiganic compound which has to (Tii) be 

hydrocart^ated and (iv) further contacted with a borane or borate in order to fomn the 
active species. For some catalysts an additional o)dddtion step after the formation of 
the metaKorganic compound is needed using an oxidizing agent 

An dm of the invention is to provide a process for the preparation of 
25 a polymer comprising one or mora aliphatic or aromatic hydrocarbyl mono^ or 

muWoIefins in the presence of a boron comprising co-catalyst and a catalyst, which can 
be formed in situ in the polymerization equipment 

TMs aim is achieved in the process of the invention by a catalyst 
which comprises a composition of a spectator ligand, a metal-organic reagent, and 
30 optionally at least one equivalent of a hydro(^ri3ylating agent 

By the process of the invention a polymerization of one or more 
aliphatic or aromatic hydrocarbyl Czm mono- or muWolefins in the presence of a l:K)ron 
comprising co-catalyst can be carried out in the presence of a catalyst, which is formed 
in situ In the polymerization equipment. 
35 Processes for the preparation of a polymer of at least one aliphatic or 

aromatic hydrocarbyl Cz.^ mono- or multiolefins are fairly v/eU Icnown in theart These 
processes are generally conducted by contacting at least one mono-^ or multioiefinic 
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monomer with a catalyst in the presence of an Inert hydrocarbon solvent Bcamptes of 
an Inert hydrocarbon solvent are a Cs-m hydrocarbon which may be subsfitutsd by an 

alkyi group, such as pentane. hexane. heptane, octane, cyclohexane. 
methylcyclohexane and hydrogenated naphta The process of the invention may be 
5 conducted at temperatures from about 20* C to about 250° C, depending on the 
product being made. 

A mono-oleflnic monomer is understood to be a molecule containing 
a pofymerizable double bond, optionally containing a polar funcUonal group. A 
muWoleflnte monomer Is understood to be a molecule containing at least two 

10 poiymerizabie double bonds, optionally containing also a polar fuctlonal group. 

Suitable mono-oIeRn monomers may be ethylene or C3.20 
monooleflns. Prefened monomere Include ethylene and C^.^ alpha olefins which are 
unsubstihjtBd or substituted by up to two C1.6 alkyI radicals. C^z vinyi aromatic 
monomere which are unsubstituted or substituted by up to two substituents selected 

16 fiwn the group consistihg of C,^ alkyI radicals. C*.,2 straight chained or cyclic 

'iy<*'^f'>y' radicals which are unsubstitutBd or substituted By a Ci4^^^ - 

IMustraBve non-fimiUng examples of such alpha^lefins are one or more of propylene, 1- 
butene. 1-pentene. 1-hexene, l-oc^tene, and 1-decene, styrene. . alpha methyl slyrene. 
p- t^butyl styrene. and the cyclic olefins such as cyclobutene, cydopentene. 

20 nortjomene.alkyl-8ubstltutedmjrbomenes. Suitable multiolefins include C^-Cas 
muWoleffns. The double bonds may be confugated or not conjugated, endo- and or 
exocycfic and may have different amounts and type of substituents. Examples of such 
multiolefina Include 1.3-butadlene. isoprene, 1,4-hexadiene or 1.6-octadiene. 
divlnylbenzene; monocycHc or polycycllc dienes, for example 1.4-cyclohexadiene. 

25 alfcenyi-substituted norbomenes and the like (e.g. 5-methylene-2-norbomene and 6- 
ethylldene-2-nortJomene, 5-vinyInorbomene, and bicycIo-{2.2,1)4iepta-2.5-dien©). 
dlc^opentadiene, vinyt^oh^eneandtheGke. 

Homo-, CO- and ter-polymers of the above mentioned mono- and 
multimonomers and blends thereof can be prepared With the present invenUon. 

30 other olefin polymers which may be [vepared In accordance with the 

present invention may be detemrdned by one of ordbiary skill In the art using non- 
Inventive testing. 

in the process of the invention a boron compri^ng co-catalyst Is 
used, A boron comprising co-catalyst is understood to be a cocatalystas descdbed In 
35 Chem. Rev.. 2000. 100, 1 391 by E. Y-X Chen and T,J. Marks. 

In the process of the invention the metal-organto reagent can be 
represented by fbnnula 1: 
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ML|Xp (formula l) 

with M being a metal firom group 3-1 1 » X a monoanionic llgand bonded to M. L a 
5 neutral Lewis basic ligand bonded to M» j representing an integer denoting the number 
of neutral Uganda L and p is the valency of the metal M. 

Examples of Lewis basic Uganda include ethers, such as 
tetrahydrofuran (THF), diethylether, thioethers, like thtophene, diethylsulfide, 
dlmethylsulfide,.ajnlnes, such astrialkylamlnes, pyridine, btpyrldlne, TMEDA, 
10 sparteine), phosphanes and diphosphanes, such as tnphenylphoshine. 

trialkylphosphanes, bfdentate alkyl oraryldiphosphanes). The amount of Ggands <X and 
L) depends on the valency of the metel and the stability of the metal-organic reagent 
The metaM)Tgan1c reagent may be monomeric, ollgomerfc or a duster. The number of 
anionic ligands equals ttie valency of the metal used. The number of neutral ligands on 
15 the metaKorganIc reagent may range from 0 to the amount that satisfies the IB- 
electron rule, as known in the art. 

Each anionic ligand, X, may be independently selected from the 
group conslsfing of monoanionic spectator ligands. hydride, halide, alkyl, silyl. germyl, 
aryl, amide, aryloxy, alkoxy, phosphide, sulfide, acyl, pseudo halides such as cyanide, 
20 a^'de, acetylacetonate, etc., ord combination thereof. Preferably, X is hydride or a 
moiety selected from the group consisting of monoanionic spectator ligands, halide, 
alkyl, aryl« silyl, germyl, arylo^, alkoxy, amide, slloxy and combinations thereof (e.g; 
alkaryl, aralkyl, silyl substituted alM. sdyl substituted aryl, aryloxyalkyl, aryloxyaryl, 
alkoxyalkyi, alkoxyaryl, amidoalkyl, amldoaryl, sUoxyalkyl. slloxyaryl. amidosiloxyalkyi, 
25 haloalkyl, haloaryl, etc.) having up to 20 non-hydrogen atoms. 

The process of the InvenQon is optionally carried out In the presence 
of at least one equivalent of an hydivcaibylafing agenL in the process of the Invention 
hydrticarbylating agents are nudeophillc groups comprising a metaK or a metalloid- 
carbon or hydride kxmtL The number of equivalents required for the process of the 
30 invention depends on the amount and the type (mono-, or dianionic) of the spectator 
ligand. 

Examples of hydrocarbylating agents are: trh or tetrahydrocarbyl 
boron, tri-, ortetrahydrocart^yl aluminium, trl-, or tetrahydrocarbyl gallium, tri-, or 
tetrahydrocarbyl indium and dl-, or tetrahydrocarbyl tin. ortiie reaction products of 
35 these hydrocarbylating agents with sterically hindered alcohols^ thiols, amines or 
phosphanes. 

preferably the hydrocarbylating agent comprises a metal or a 
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metalloid chosen from group 1 . 2. 1 1 . 12. 13 or 14. Examples of hydrides from metals 
or metalloids of group 1, 2, 11, 12, 13, 14 Include: Hhlumhydride, sodlumhydrlde, 
potasslumhydride, caldumhydride. magnesiumhydride, coppsrhydride, zfnchydride. 
cadmfumhydride, borane. alumlnumhydride, gallhjmhydride, siliconhydride, 
5 germaniumhydride, and tinhydride. 

Preferably the hydrocarbylafang agent comprises U, Mg, 2h, or AL 

Examples of Li oompriamg hydrocarbylating agents are methylBthlum, 
phenyllithium, benzylBthlum, biphenyllithium. naphtyllfthlum. Iithlo-dlmethyIr«eo«wiol, 
and nthlo-N,NKJimethylanHine. 
^ Examples of magnesium comprising hydrocarbylating agents are 

melhylmagneslumhallde, phenylmagnesiumhalide, ben^magnesiumhallde, 
btphenylmagnestumhalide, naphtylmagnesiumhallde, tolyrmagnesiumhalide. 
xylylmagnesiumiiaKde. mesi^lmagnesiumhalfde. dfrnethylresordnolmagneslumhaHde. 
N,N-dimethylaniIlnemagneslumh^e, cfimethylmagnesium. diphenylmagnesium. 
15 diberezylmagnesium. (b{phenylene)magne8ium. dlnaphtylmagnesrum, 
ditdlylrnagnes1um.'dD(yiyrmaghesium. dlmesTtylmaghesium. 
W8(dImathyIresorcinol)magneslum. and br8(N,N-dimsthylanHine)magne8lum. 

Examples of alumlnljum comprising hydrocarbylating agents are 
dHsobutylaluminium hydride. Ci-Czo trihydrocarbyl aluminium, and 
20 hydrocarbyiaiumlnoxanes. - 

To facilitate the process of the invention, the process may be carried 
out In the presence of a base other than a hydrocarbylating agent. Examples of such 
bases include, amines, phosphanes. carboxylates (fbr example potassium acetate), 
hydroxides, cyanides, amides and carbonates of Li. Na, K. Rb. Cs, ammonium and the 
25 group 2 metals Mg. Ca. and Ba. the alkaR metal (Li, Na. K. Rb. Cs) phosphates and the 
phosphate esters (eg. Ce H« OP(0)(0Na)2 and related aiyi and alkyi compounds) and 
their alkoxides and phenoxides. thallium hydroxide, ali^mmonjum hydroxktes. 
hydrides offrom metals or metaHoids of group 1,2. 11. 12. 13, 14. Also the metalRc 
alkallnnetals of group 1 may be applied as a base. 
3° 'n *e process of the invention a spectator ligand Is chosen ftom a 

monoacldic spectator Ilgand. a diaddic bidentata spectator Rgand. a monoaddic 
bidentate spectator ligand. or a Lewis basic bK or multldentate spectator Hgand. 

An example of a mono acidic spectator ligand is an imine ligand 
according to fomnula 2. or the HA adduct thereof, wherein HA represents an add, of ' 
35 which H represents its proton and A its corrugate base. 



Y=N-R 



(formula 2). 
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wherein Y is selected from a substituted carbon, nitrogen or phosphorous atom and R 
represents a substituent. If Y represents a substituted carbon atom, the number of 
substituents Is 2. If Y represents a substituted nitrogen atom, the number of 

5 sut>stituents Is 1 and the number of substituents is 1 or 3 if Y represents a phosphorous 
atom, depending on the valency of the phosphorous atom. 

Substituents on carbon, nitrogen or phosphorous may be equal or 
difterent. opOonally Dnked with each other, optionally having hetero atoms. Substituents 
may be protio or aprotia 

10 A prottc substituent la denned here as a subsfituent which has at least 

one group 15 or group 16 atom containing at least one proton. 

Examples of protic subsituents include Ci-Cao linear, branched or 
cyclic hydrocarbyl radicals, substituted with a group 16 or 16 atom bearing at least one 
hydrogen atom. Prefenred protic substituents include phenolic radicals, pyrrolic 

15 radicals, indoiic radicals, and imidazolic radicals. 

The substituent is called aprotic if the substituent lacks a group 
containing a group 15 or group 16 atom bearing a proton. An unsubstituted aprotic 
hydrocarbyl radical can be a Cr-C^ linear, branched or cydio radical, a hydrogen 
atom, a halogen atom, a group 14 oxy radical - such as a alkoxy radical, a Ce.io 

20 aryl or aryloxy radical, silyloxy radical, germanyloxy radical, stannyloxy radical - an 
amido radical, or a hydrocarbyl radical unsubstituted or substituted by a halogen 
atom, a Ci^ alkoxy radical, a Ce-ioeryl or arylo)^ radical, an amIdo radical, a sUyl 
radical of the formula: 

25 '23 (fomfiuIaS) 

or a germanyl radical of the formula: 

' ^ Oformula4) 

30 

wherein with j = 1 to 3 is Independently selected from the group consisting of 
hydrogen, a Ci^alkyl orailoncy radical, C9.1i) aryl, aryloxy radicals a sl^l radical of 
formula 3 or a gennanyl racficai of fonrniia 4. each substituent may be linked with 
another to form a rir^ system. 
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The substituent R can be H. or being equal as these for the 

substituent on Y. 

Examples of imine Hgands according to formula (2) include: 
guanldines, iminolmidazolines, phosphlnimines, phenolimines, pyiroleimines, 
5 indolelmines and imidazoleimines. 

R may be linked with Y, ttius forming a ring system^ optionally 
comprising hetero atoms, or optionally comprising functional groups. Examples of 
ligands comprising such ring systems include: 8-hydroxyqujnoIine, 8-aminoqulnollne, 

8-phosphinoqu!nolinei 8-thioquino{lne. B-hydro^quinaldine. 8- 

10 aminoqulnaldine, 

8i)hosphlnoquinaldlne, 8-thtoqulnaldine and 7-az^ndoIe or indazole. 
In the process of the invention, HA represents an acid, of which H 
represents Its proton and A its conjugate base. Examples of A are haiogenides. (such 
as fluoride, chloride, bromide, or iodide). suMiate, hydrogensuHnfe, phosphate, 
15 hydrogenphosphate, dihydrogenphosphata, cartwnate, hydrogencarbonate, aromatic 
" or aliphatic carboxylates, cyanide, tetrafluoroborate, (substituted) tetraphenylboiates, 
fluorinated tetraarylborates, aikyi or aryl sulfonates. 

In case the l-IA aclduct of the imme figand is used, one more 
equivalent of the hydrocarl>ylatlng agent Is required. 
20 Examples of mono - or diacidtc spectator Hgand are ligands according 

to fomiuta 5: 

(HAi)q (-Z.)„(A2H)r (fomiula 6), 

25 wherein Ai and A2 are monoaddic cydopentadienyi comprising ligands (Cp). with q 
and r representing an integer denoting the number of Cp ligands witti q^i-r 1 or 2, 
optionally llniced by n bridging groups Z, with n representing fhe 
number of parallel bridges Z, Ai, when bonded via Z together fomning a bldentate 
dtaddic spectator figand or if Z is absent Ai. As fonn two monoacidic spectator ligands. 

30 The ligands Ai and A^ are defined as cyclopentadienyl comprising 

ligands. Under <^clopentadienyl comprising ligands is understood that a part of the 
molecular structure contains a cyclopentadlenyl (Cp) ring. This ring may be substituted 
with at least one R'-group. When the Cp-ring is substituted with at least two R* groups, 
these R* groups may fomi ring systems. As result of that the Cp-comprising ligand may 

35 be indenyl comprising ligands orfluorenyl comprising ligands. The ligands Ai and A2 
may be each independently selected (substituted) cyclopentadienyl groups, 
(substituted)indenyl groups, (sub8tituted)fluorenyl groups, (sutistituted) 
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tetrahydrolndenyl group©, (substltuted),tetrahydrofluorBnyl groups, (substituted) 
octahydrofluorenyl groups, (substituted) benzoindenyl groups, (substituted) 
heterocyclopentadlenyl groups, (substituted) heteroindenyl groups, (substituted) 
heterofluorenyl groups, or Its isomers. Here and in ttie following a hetero 

5 cyclopentadienyi group (in the following also referred to as 'lietero ligandO is 

understood to be a group that has been derived from a cyclopentadienyi group, but in 
which at least one of ttie C atoms In the &fing of Uie cyclopentadienyi has been 
replaced by a hetero atom, which hetero atom may be chosen from group 14, 15 or 16. 
If there is more than one hetero atom pres^ in the 5-r1ng of the hetero ligand, these 

1 0 hetero atoms may be either ttie same or different More, pndferably. the hetero atom has 
been chosen from group 1 5, while yet more preferably the hetero atom is fAosphorus. 

The R' groups may each Independently t>e hydrogen or a 
liydrocarbon radical with 1-20 cartxm atoms (e.g alkyi. aiyl, biaryl, aralkyl. alkaryl and 
the like) or a heteroatom comprising moiety from group 13-17. Examples of such 

15 hydrocarbon radicals are methyl, ethyl, n«propyl, i-propyl, butyl (including isomers), 
hexyl (Including isomers), decyt (including isomers), phenyl, biphenyi (including 
isomers) and the like. Examples of heteroatom comprising moieties of group 13-17 
indude borane radicals, silyl radicals, ^ermyl radicals, stannyl radicals, amide radicals, 
phosphide radicals, oxide radicals, sulphide radicals, hallde radicals, halide substituted 

20 hydrocarbyl radicals and the like: Also» two adjacent hydrocarbon radicals may be 
connected with each ottier in a ring system. Such a group as well may contain one or 
more R' groups as substRuents. R' may also be a substituent which instead of or In 
addition to carbon and/or hydrogen may comprise one or more hetero atoms of groups 
13-17. 

25 The bridging group Z may contain sp^ sp? or sp hybridized atoms of 

group 13 to 16 or comblnaBons thereof.The bridging group Z may consist of linear, 
cyclic finagments, spiro ring systems, w combinations thereof. Examples of a carbon 
conteining Z group may each separately be a hydrocarbon group with 1-20 carbon 
atoms, e.g. alkylldene. arylene, biarylene. aryl alkylidene. etc. Examples of such 

30 groups are methylene, ethylene, propylene, butylene, phenylene, naphtylene, 

biphenylene, binaphtylene. Examples of siticium containing groups are dimethylsilyl, 
dietliylsilyl. dipropylsilyi, including its isomers, (substituted) diphenylsityt. dimethoxysilyK 
diethoxysilyl. dipropoxysllyl, and dIphenoxysflyL 

An example of a diacidic bidentate spectator ligand or a monoacidic 

35 bidentate spectator ligand is a ligand according to formula 6: 



HAi-Z.D(H)b (fbmiuiaG) 
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tn Which Ai is a delocaT^d rf bonding <yc!opentadIenyI comprising 
ligand. Z is a moiety comprising boron, or a member of Group 14. and optionally also 
sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally A, 

5 and Z together fomi a fused ring system, D Is a Lewis basic ligand bonded to Z 
comprising a group 15 or 16 atom having up to 20 non-hydrogen atoms, optionally D 
and Z together fomi a fused ring system and b= 0 or 1. Hereinafter a Lewis basic 
ligand is also refered to as a donor moiety. The mono-, or diacidic spectator Hgand has 
1 or 2 acidic protons, one of which Is the acidic cydopentadienyl proton. If the acidic 

10 spectator ligand contains only 1 proton (thus the cydopentadienyl addle proton), then b 
equals 0 and D is a neutral two electron donor moiety. If the acidic spectator ligand 
contains 2 protons, than b equals 1 and D contains an addic proton. 

Preferably O is -0-, -S-, -NRS -PRS or a neutral two electron donor 
moiety selected from the group consisting of OR*, SR^ NR^2. or PR*'2. 

15 Z may be SIR*2, CR*2, SiR^iSIR^a, CR^aCR^a, CR*^R*. CR*28IR*2. 

(teR*^~BR^ BR*2: wHer^n each R* can be Independently s^etie^d from the group 
consisting of hydrogen, allcyl, aryl, sllyt, halogenated atlcyl, halogenated aryl radicals, or 
combinations thereof (e.g. aralkyi, dikaryl, haloalkaryl and haloaralkyi radicals) having 
up to 20 non-hydrogen atoms, or two or more R* groups from Y, Z, or both Y and Z 

20 fomfi a fiised ring system. 

Another example of a monoacidic btdenf ate ligand (SH) is a) is a bi- 
or multidentate ligand, wherein S is represented by formula 7: 

(Ar-Z-)3Y(-Z-DR'„)Q, (formula 7) 

25 wRh, 

Y represents an anionic mol^ of 8, Z optional bridging groups between the Y moiety 
and the DR^n and/or Ar group, D a hetero atom chosen form group 15 or 16, R" an 
optfonal substituent, Ar an electron-donating aryl group, n the number of R' grou|3s 
bonded to D, and q and s are integers with q + s > 1. 

30 If the ligand is a ligand represented by (Ar-Z-)6Y(-Z-DR'n)q» the 

transition metal is preferably chosen from groups 4-6 of the Periodic Table of the 
Elements. More preferably, the transition metal has been chosen ftom group 4, with the 
most preference to titanium (Ti) as transition metal. The transition metal is preferably 
present in reduced form in the compound, which means that the transition metal is in a 

35 reduced oxidation state (p). By 'reduced oxidation state' is meant an oxidation state 
which is lower than the highest possible oxidation state for a particular metal, which 
means at most for a transition metal of group 4, at most for a transition metal of 
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Examples of Y moieties Include hydrocarbyl substituted groups 
comprising a group 16 or 16 atom, (substituted) cydopentadlenyl, (substrtuted) indenyl, 
(substituted) fluorenyi» (substituted) heterocyclopentadlenyl, (substituted) 
5 heterolndenyl, (substituted) heterofluorenyl, or Imlne groups. Jmlne groups are defined 
as groups containing a double bonded nlo-ogen atom. Examples of imine groups aiB 
k^mtde, guanidine, phosphinfmide. iminoimidazoline, (hetero)aiyloxyimines, 
pyrroleimines» indoleimines, Imidazoleimlnes or (hetero)aryloxides, (subsfituted) 
pyridIn-2-yl-methoxy, (substituted) quinolin-2-7i-metho3^. B-hydroxyqulnoline, a- 
10 amfnoquinoline, 8-pliosphinoquInoiinej B^hioquInoHne. 8-hydro?^quinaldine, 

aminoqulnaldine, &i)hosphInoqulnaldIne. 8-thloquinaIdine and 7-azalndole orindazole. 
and the like. 

The optional bridging group Z may contain 8p^ ap? or sp hybr!diffid 
atoms or combinations ttiereof. The bridging group Z may consist of linear, cyclic 
IS fr^ments, or combinations thereof. The Z groups may each separately be a 

hydrocarbon group with 1-20 carbon atoms, e.g. alkylidene, arylene, aryl aikylldene, 
etc. Examples of such groups are methylene, ethytenei propylene, butylene, 
biphenylene, binaphtylene, phenylene, whether or not with a substituted side chain, 
linear or cyclic. 

20 Besides carbon, the main chain of the Z group may also contain 

larger memt^ers of group 14, such as siitcon» germanium or tin. Examples of such Z 
groups are: dialkyi silylene, dIalKyI germylene, tetra-alkyi disilylene ortetraall^l 
sHaetiiylene 
(.SiR'zCR'a), 

25 The helero atom corttalning donor group DRV consists of at least one 

group 15 or group 16 atom» or a combination thereof. Examples of donor groups 
include imine groups as defined above, amine groups, pliosphane groups, ether 
groups, or thioether groups. 

Also, Y, Z and D may be part of an aromatic ring system, optionally 

30 containing sp^, sp^ or sp hybridized atoms or combinations thereof, together forming a 
spectator ligand. The D atom may thus be a part of the bridging group. In this case, the 
D atom containing bridging group may be further substituted by at least one optional 
bridging group Z containing donor groups DRV Examples of spectator ligands 
containing aromatic ring systems havirig a donor atom D In the bridgir^ group Z 

35 include (hetero)aryloxyimlnes, pyrroleimines, indoleimines, imidazoleimines or 
(hetero)aryloxides, (substituted) pyridin-2-yl-metiioxy. (substituted) qulnolin-2-yI- 
metho)^, S-hydroxyquinoIine, 8-aminoquinoline, 8-pho$phinoquinoiine, 8-thioquinoline. 
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B-hydroxyquinaldine. S-amlnoqulnalcHno, 8-pho8phlnoqulnaldine, B-thioquinaldine and 
7-azaindol6 or indazole, ' 

Preferably, the Y moiety may be an amido (-NR'-) group, a phosphido 
(-PR-) group, an imlne group, a (substituted) qrclopentadienyl group, a (substituted) 

5 indenyl group, a (substituted) group, a fluorenyj group, a (substituted) 

heterocyclopentadienyl group, a (substituted) heteroindenyl group, and a (substituted) 
heteroftuorenyl group. Here and in the following a hetero oydopentadienyl group (in the 
following also referred to as 'hetero figand*) is understood to be a group that has been 
. derived from a ^ciopentadienyl group, but In which at least one of the C atoms in the 

10 S-ring of the aydopentadienyl has been replaced by a hetero atom, which hetero atom 
may be chosen from group 14, 16 or 16 of the Periodic Table of the Elements, If there 
is more than one hetero atom present In the 5* ring of the hetero Rgand, these hetero 
atoms may be either the same or diflerent More preferably. Ute h^o atom has been 
chosen from group 15, while yet more preferably the hetero atom is phosphonis. 

15 Preferalriy, the electron donor group DR'^i consists of a hetero atom 

D, chosen from group 15 or 16, and one or tDOm substituents R' bonded to D. The 
number of R' groups Is linked up with the nature of the hetero atom D, in the sense that 
n 2 if D Is from group 1 5 and n ^ .1 if D is from group 1 6. The substituent R' bonded to 
D is as defined. The hetero atom D has preferably been chosen from the group 

20 comprising nitrogen (N), oxyg^ (O), phosphonjs (P) and sulphur (S); more preferably, 
the hetero atom is nitrogen (N) or phosphorus (P). It is further possible for two R' 
groups in the DR\ group to be connected with each other to fonn a ring^haped 
structure (so that the OR' group can be a pynoDdinyl group). The DR\ group can form 
coordinatlve bonds with M. 

25 The aromatic electron-donating group (or donor), Ar» used can be 

substituted or non-subsOtuted aryl group (CsR s). such as ptienyl. tolyl, xylyl, mesitylyl, 
cumyl, tetramethyl phenyl, pentamethyl phenyl, etc. The Ar group may also contain at 
least one heteroatom firom group 16 or group 16. Examples of such heteroatom 
containing Ar groups are (substituted) pynrole, (substituted) pyridine, (substituted) 

30 thiophene, (substituted) fliran. The coordination of this Ar or heteroatom containing Ar 
group in relation to M m^ vary from to if. 

The R* groups may each separately t>e hydrogen or a hydrocarbon 
radical with 1-20 carbon atoms (e.g alkyl, aryl^ aryl alkyi and the like). Examples of 
such hydrocarbon radicals are methyl, ethyl, propyl, butyl, hexyi. decyl, phenyl and the 

35 iike. Also, two adjacent hydrocarbon radicals may be connected with each other in a 
ring system. As result from that, the Cp group may be an indenyl, tetrahydroindenyl, a 
fluorenyl, a tetrahydrofluorenyl, an octahydrofluorenyl ora benzoindenyl group. Such a 
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group as weU may contain one or mora R' groups as substituents. R* may also be a 
subsiituent which instead of or In addition to carbon and/or hydrogen may comprise 
one or more helero atoms of groups 14-16. Thus, a substituent may be a Si-containing 
group. 

5 An example of a Lewis basic bi- or multidentate iigand is a ligand 

according to fbrmuta 6: 



^mnula 8) 



10 wherein Z is a bridging group, between two donor atom containing groups (D), 

D a group comprising a hetero atom chosen from group 15 or 16, and 
R is a substituent For aii clarity, the Iigand of fbmnula 6 is not the same Rgand as the 
Ugand (L) In the metal-organic reagent Example of a Lewis basic bh or multidentate 
ligand are di-imines, tri-imines and dWmines comprising an aromatic group comprising 
15 a hetero atom of group 15 or 16. 

if a ligand according to fbnnula 8 Is used, the metal of the metal- 
oiganic reagent preferably Is a metal from group 7-11. 

The process of the Invention can be cttTled out in a broad variety of 
polymerizaHon equipment K can-be eanled out in a single reactor, or in mulfiple 
20 readors. In sexiss or parall^ and combinations thereof. The |»ooess can be cairletf out 
in gasphase, buHc, or in suspenslon/sluny as a baldi or continuous process. 

The process of ttie invention is prsfsrabfy carried out in a solvenL 
Suitable solvOTts are solvents that do not react virith the metakiiganic ree^ent or the 
metal-organic compound formed in the inocess of the Invention. Examples of suitable 
25 solvents include aromatic and afiphatic hydrocarbons, halogenated hydrocaibms, or 
mixtures ttiereof. 

The process of the invention can be canied out in different ways, 
v^ich can be distinguished by the sequence in which the spectator iigand, the metal- 
organic reagent, the hydrocarbylating agent and the boron comprising co-catalyst are 

30 added to a polymertzation reactor. Preferably the spectator ligand. the metal-organic 
reagent, the hydrocarbylating agent sxvi the boron compridng co-catalyst are each 
added as a solu^on or.a suspension to the process of the invention. 

One way is to add the spectator Rgand. the metal-organic reagent, the 
hydrocarbylating agent and the boron comprising oo-catalyst directly to the 

35 polymerization reactor. 

Another way is that the spectator ligand, the metal-oiganic reagent and the 
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hydrocarbylattng agent are premfxed before the reactor The advantage of pren)lxing 
the spectator ligand, the metai-organic reagent and the hydrocarbylatlng agent is that 
this can be done under conditions of temperature and time different from those in the 
polymenzation reactor, thus ieading to a more active catalyst 

5 In this way the boron comprising co-catalyst can be added to the thus formed mixture 
either before the reactor or parallel to this mixture direct into the reactor Adding the 
boron comprising co-catalyst to the above mentioned premTxture has the advantage 
that an active catalyst system can be fomied in a more concentrated environment than 
in the reactor. An even more active catalyst can be obtained by mixing the metal- 

1 Q organic reagent with the spectator Ugand before the addition of the hydrocarbylattng 
agent. 

The invention is fdrther related to a polymer obtainable with the 

process of tt^ Invention and in particular obtainable vwth a process using a spectator 

ligand (Ar-Z-)8Y(-Z-DR'n)q. wherein Zis an optional bridging groups t)etween an anionic 
15 moiety Y and the DR „ and/or Ar group, D a hetero atom chosen form group 15 or 16, 
- R' an optional substituent, Ar an electron-donating aryl group, n the number of R' 

groups bonded to q and a integers with q -f s ^ 1 and wherein Y is an imine group. 

Preferably the imIne is a ketimide, phosphinimlde, guanidine, or iminoimidazolme. 

Other prBferred imines are spectator iigands \AAierein Y, R and D are part of an 
20 aromatic rii^ system, optionally containing sp^. sp^ or sp hybridized atoms or 

combinations thereof. Examples of these imines include: (hetero)aryIoxyimIne (like 

(sul>stituted) derivatives of phenoxyimines, pyrroleimines, hydroyquinolines and the 

Kke) (hetero)arylsulphidoimine. (hetero)arylphosphidoimine and 

(hetero)arylam{doimine. 
25 The invention also relates to a polymer obtainable with the process of 

ttie invention wherein Y is an imlne and Wherein the donor D is a ketimine, 

phosphinimine, guanidine, oriminoimidazoline. 

The invention further relates to a polymer otitainable with the process 

of the invention using a spectator ligand (Ar-Z-)^Y(-Z-DRy q, wherein Y represents an 
30 anionic moiety of Z is an optional bridging groups between the Y moiety and the 

DR'n and/or Ar group, D a hetero atom chosen fomi group 15 or 16, R' an optional 

substltuent, Aran eieclron-donating aryl group, n tiie number of R groups bonded to D, 

q and s integers witt) q s ^ 1 and, and wherein D is a kettmide, phosphinimide, 

guanidine^ or an iminoimidazoline. 



i 
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1 . A process for the polymerhatlon of at least one aliphatic or aromatic 

6 hydrocarbyl C».ao mono- or multlotefin In the presence of a catalyst and a 

boron comprising co-catalyst, characterized In that the catalyst comprises a 
composition of a metal-organic reagent, a spectator Rgand and optionally at 
leaGt one equivalent of a hydrocarbylating agent 

2. A process according to claim 1 , wherein the metal-organic reagent Is 

10 represented by ML^Xp. wherein M is a metal from group 3-1 1, or the lanthanide 

series, X a mwioanionrc Hgand bonded to M, L a neufaal llgand bonded to M, j 
representing an integer denoting the numb^ of neutral llgands L and p is the 
valence of the metal M. 

3. Process according to claim 1 or 2, wheiBln the hydrocarfoylating agent 
■JS comprises a metal or a metalloid chosen from group 1. 2, 11» 12, 13 or 14 

4. A process according to daim 3, wherein the hydrocartiylating agent compifses 
U. Mg, Zn, orAi> 

5. Process according to claim 4, wherein the l^rocarijylatlng agent .is a 
Ct.Caotrihydrocarisyl aluminium or alumlnoxane. 

20 6. Process^ according to dalm 1-5, caiTied out In the presence of a base other 
than the hydrocarisyiating agent 

7. A process according to clavn 1-6. wherein tfie spectator ligand is an imine 
llgand. or the HA adduct thereof, wherein HA represents an add, of which H 
represents Its proton and A Its conjugate base. 
25 8. A process accwdlng to ctefm 2-7, wherein the m^l-organic reagent 
comprises a group 4 metal and a cydopentadienyt comprising l^and. 

9. A process according to dalm 1-5. wherein the spectator ligand is represented 
by (HAt)q -Z„- (A2H}r.wh8reih At and Az are monoacidlc cydopentadienyl 
comprising llgands, with q and r representing an integer denoting the number 

30 of Cp llgands with q+r s i or 2, optionally linked by n parallel bridging groups 

Z, Ai. A2 separately, or bonded via Z together forming a bidentate diaddic 
spectator Itgand. 

10. A process according to claim 1 -5, wherein the ligand is a ligand according to 
the fonnula HAi-Z-D(H)b, In which Ai Is a deiocallzed n" bonding 

35 cydopentadienyl comprising ligand, Z Is a moiety comprising boron, or a 

member of Group 14. and optionally also sulfur or oi^gen, said moiety having 
up to 20 nohr-hydrogen atoms, and optionally Ai and Z together form a fused 
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ring system, D is a Levris basicJfgand bonded to Z and M. comprising a group 
15 or 16 atom and having up to 20 non-hydrogen atoms, optionally D and Z 
together form a fused ring system and b=0or1. 

11. A process according to daim 9 or 1 0, wherein the metal is a group 4 or group 
S 5 metal, or a metal selected from the lanthanide series, 

12. A process according to claim 1-6, wherein the Itgand. represented by 
(Ar-R-)3Y(-R-DR*n)q, with, Y representing an anionic moiety of S bonded to M 
of the metaM)rganio compound, R an optional bridging group betv/een the Y 

moiety and the DRn and/or Ar group, D a hetero atom chosen firom group 15 ' 

10 or 16, R' an optional substituent. Ar an electron-donating aryl group, n the 

number of R' groups t)onded to D, q and s Integers with q + s ^ 1 . 

13. A process according to claim 12, wherein the metal is a group 4 metal with a 
valency of 3. 

14. A process according to daim 1-5, wherein the ligand Is represented by 

.15. . "^-K^-D^ 

wherein Z is a bridging group, between two donor atom containing groups (D), 
D a group comprising a hetero atom chosen from gn>up 15 or 16, and R Is a 
substituent. 

15* A process according to daim 14, wherein the metal is a metal finom Group 7 - 
20 11. 

16. Polymer obtainable with the process of daims 1-15. 

17. Polymer obtainable with the process of daim 12, wherein Y is an imine group. 

18. Polymer obtainable With the process of daim 17, wherein the {mine is a 
ketlmide, phosphinimide, guanidine, or iminoimidazoline. 

26 19. Polymer obtainable vWth the process of daim 1 2 wherein D is a ketlmide, 
phosphinimide. guanidine, or an iminobnidazoline. 
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ABSTRACT 

The invention related to a process for the polymerization of at least 
5 one aliphatic or aramatfc hydrocarbyl mono- or multiolefln hi the presence of a 
catalyst and a tioran comprising oo-catalys^ wherein the catalyst comprises a 
composition of a metai-oi]ganic reagent, a spectator ligand and optionaliy at least one 
equivalent of a hydrocarbylata'ng agenL The tnvenQon further relates to a polymer 
otAainable by the process of the invention. 



